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FOREWORD

This note, which presents results from parameteric flutter
studies on a typical section airfoil using piston theory, was
prepared by the Aeroelastic and Structures Research Laboratory,
Massachusetts Institute of Technology, Cambridge 39,Massachusetts,
for the Aircraft Laboratory, Wright Air Developmeant Center,
Wright-Patterson Air Force Base, Ohio. The work was performed
at the MIT under the direction of Professor Holt Ashley and
supervised by Mr. G.-Zartarian and Mr. W. H. Weatherill. The
research and development work was accomplished under Air Force
Contract No. AF33(616)-2482, Project No. 1370, '"Aerocelasticity,
Vibration and Noise'", and Task No. 13478, "Theoretical Super-
sonic Flutter Studies'. Mr. Walter J. Mykytow of the Dynamics
Branch, Aircraft Laboratory is task engineer. This note con-
tains data only and represents a part of a research program on
the flutter of aircraft structures at supersonic speeds. Further
reports will be published as the research continues. The basic
research was started 1 July 1954 and is continuing. As part of
this research WADC Technical Repbfglgglé%, (Confidential Report -
Unclassified Title) "Theoretical Studies on the Prediction of
Unsteady Supersonic Airloads on Elastic Wings'' has been publish-
ed in two separate parts, Part I, (Unclassified "itle) "Investi-
gations on the Use of Oscillatory Supersoaic Aerodynamic Influence
Coefficients' which presents the studies on the use of the aero-
dynamic influence gg§f£§%;qag method, was issued in December 1955;
and Part 1I, (Unclé;sifiéngitle) "Rules for Application of
Oscillatory Supersonic Aerodynamic Influence Coefficients' which
presents working rules and recommendations for flutter analysis
using the aerodynamic-influence-coefficient method, was issued
in Pebruary 1956.
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ABSTRACT

An cxtonsive sct of tables is presented from hinary flutter
calculations on the tipical srction airplane wing model of
Theodorsen and Garrick (Ref:. 1)~ The airloads are predicted
using two-dimensional giston theory. The parameters studied in-
clude thickness as well as center of gravity position, elastic
axis position, wing and aileron radii of gyration, and frequency
ratio. The three binary flutter cases for which data is given
ar. bending-torsion, bending-aileron, and torsion-aileron flutter.
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LIST OF SYMBOLS

a speed of sound
b semi-chord of wing
A vertical displacement of elastic axis as function

of t. (See Fig, 1)

( )g conditions at flutter

Ix mass moment of inertila of wing-aileron combination
about elastic axis per unit span

Ig mass moment of inertia of aileron about hingelire

‘ per unit span |
y) reduced frequency of simple harmonic motion
L,,----L; dimensionless coefficients defining lift on an

oscillating wing

m mass per unit length

M free stream Mach Number

M, ,--- "M, dimensionless coefficients defining moment on an
oscillating wing

ra radius of gyration of wing-aileron ccmbination

referred to elastic axis (e=97=% )
\ mb

Vs radius of gyration of aileron

Su static unbalance of wing-aileron combination per
unit span referred to the elastic axis

5‘ static moment of aileron per unit span referred to
aileron hinge |

t physical time

v free stream velocity or flight speed

w vertical component of velocity (velocity in z- -

direction)
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SECTION 1

PARAMETRIC STUDY OF FLUTTER
AT HIGH SUPERSONIC SPEEDS

1. Introduction

The objective of this report is to present the numerical
results of extensive binary flutter calculations on the typical
section airplane wing model of Theodorsen and Garrick (Ref. 1)
with two-dimerisional piston theory used for the aerodynamic terms
in the flutter equations. The effects of all dimensionless
system parameters on the flutter eigenvalues are included.

In order to expedite publication, no graphical presentations
or interpretation of results are given herein. This is therefore
an interim report, designed to make the data generally available
while a more complete paper is being prepared on the same subject.
The final report will contain no additional numerical information
but will be devoted to interpretation of findings and discussion
of ways in which the material can be used.

Piston theory is an approximate technique for estimating
airloads on airfoils in unsteady motion at higher supersonic and
low hypersonic speeds. It had its origins in work of Hayes
(Ref. 2) and Lighthill (Ref. 3) and has been applied to aero-
elastic problems in several recent publications (e.g., Refs. U4
ard 5). 1Its use for typical section flutter analyses is desirable
for several reasons, First, it yields a much simplified set of
equations of motion, as compared with more conventional unsteady
aerodynamic theory. In some cases the flutter determinant may
even be solved in closed form, Extensive flutter calculations
using piston thecry can be made on any siiall digital comruting
michine; such as the Burroughs E101 which was employed in the
present investigation, Second, the influence of airfoil thickness
{(and other nonlinear effects, if significant) can be introduced
without excessive additional computational difficulty. To the
authors’ knowledge, this is the first parametric study of flutter
which includes thickness effects. Although by no means exhaustive,
the ranges of parameters covered appear to be those of general in-
terest for the supersonic flight regime,

Manuscript released by the authors May 1957 for publication as a
SADC Technical Note,
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In setting up the fiutter probiem for this report, a three-
degree-of -freedom determinant was first derived for the system
pictured in Fig. 1. Only the three sub-cases of binary flutter
were calculateg, however. Thus the tables list data only on
bending-torsion, bending-ailercn and torsion-aileron flutter of
the typical jection.

The flutter equations and their solution follow the pattern
established by Garrick and Rubinow (Ref. 6). A symmetrical
double-wedge airfoil shape has been chosen as typical of super-
sonic configurations.

Section 2 gives the computational details, while Section 3
discusses the manner of tabular presentation of data. In this
latter connection, a few remarks are in order. Past convention
has usually been to present compressible-flow-flutter boundaries
on plots of dimensionless speed” (e.g. Y7/4w,) vs. Mach number M.
On such a plot, flight of a given aircraft at a given altitude is
represented by a sloping straight line through the origin of
coordinates. A flutter-free condition for the given altitude
occurs at any M where the actual flutter curve lies above this
"altitude line'". This fowm of presentation has the disadvantage
that the airspeed is contained implicitly in both the ordinate and
abscissa of the stability diagram. It has been pointed out
(Ref. 6) that the flutter stability boundary can equall* well be
presented as a curve of P« vs, M, where a is the spe¢ + sound
at flight altitude. Flight of a given aircraft at a given
altitude is then described by a horizontal straight lime; no
flutter occurs if this straight line lies above the actual flutter
curve. Alternatively, the flutter curve can be interpreted in
terms of the torsional stiffness required for safe flight of a
wing of given geometry at a given speed of sound and Mach number.

It has been pointed out thet the curves for various
altitudes can be brought in closer juxtaposition by multiplying
the ordinate, P“44a by some power of the wing-tc-air demsity ratio
a (thus, 4% can be interpreted in terms of indicated rather
than true airspeed). For this reason, and because 4 and M
always appear as the product «#4 in the analysis, all flutteg
data in the present report are given as tables of #**¥2 (or#““, )
vs. uM, each row representing the ordinates of the stability
boundary for one set of dimensionless parameters.

*See List of Symbols for definitions of all physical quantities.

WADC TN 57-310 2
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2. Development of Flutter Equations

Figure la illustrates the two-dimensional dynamic model
which forms the basis of this trend study on supersonic flutter.
It is identical with the *‘typical section'' model used by
Theodorsen and Garrick (Refs. 1 and 6). This system has three
degrees of freedom, described by the time-dependent quantities
h, «« , and B , which are analogous to bending, torsion and con-
trol-surface rotation, respectively, of an unswept wing or tail
surface. When the equations of motion of this model in a super-
sonic airstream are set up, under the assumption that h, « , 2 ,
vary simple-harmonically with time, there results the well-known
flutter determinant (cf. Ref. 6). This complex determinant, whose
vanishing supplies two characteristic equations for the flutter

eigenvalues U, and &, , is of third order in the present example:

A B C
D E Fl = 0
G H 1 (1)

In terms of quantities defined in the List of Symbols, the
elements of Eq. (1) are the following:

A= @Y ) b it

T U+ Ly tily

= -/4,2 +Lg +ily

- - My *M, +iM,

- /"*‘{%'} ¥ My ¥iMy

—u [ r2(x,-x)X ] + My + i M
=y TN PN

= —ulnrteln-n)0] + My rik

Ay R AL AL

]

(2)

| Here ( L, +ily ), etc,, ara dimensionless repiesentations of
the 1ifts, pitching moments znd control-surface ninge moments due
to simple harmonic motions in the three degrees of freedom. The
definitions adopted here coincide with those originally given by
Garrick and Rubinow (Ref. 6). For sufficiently high supersonic

WADC TN 57-310. 3
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Fig. 1 The Model Used For Flutter Analysis
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flight Mach number M, these coeffients can be put into the
relatively simple forms yielded by piston theory {Ashley and
Zartarian, Ref. 5). Assuming a syumetrical double-wedge airfoil
section of chord 2b and thickness ratic § , and accounting for
the second-order effect of thickness, Zartarian, Heller and
Ashley (Ref. U4) give the following:

Ll =0

L, = 4

L3 =7z

= {(1-2x) -uMé}
==gi£}/)-%/uu§}

- Gt (1-2umi]
= 0

= A—-&/{/-Zx.) -/MIZ}

= ;'f-‘,///-zx.) ~uME}

= ;-'i‘- /3’- +(/ -z;(.)‘-z//-zx,)/;/n"]
= L'ﬁl%f—,ﬁ—)ﬁl//—Z/Jﬂf}

/" i)‘.[/"z a) ’ z
o (1=« ”; +§x dl{/-.?/uﬂ‘]

Rt A Al AR AN SC Y

Ny = 0

N, = L2 oA

oy

- .L&)_L#J_I_LJZ /-2uMi}

Ny = a1~ 2umi]

Ng = %%l’/ 1-2uM3] (3)

As in Ref. (1), the present report concentrates on the
influence of various system parameters on solutions of the
flutter determinant "Eq (1)" for the sub-cases obtzined by
successively suppressing each of the degrees of freedom. The
determinants for these three binary flutters are

WADC TN 57-310
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(1) Bending - torsion flutter:

,A B
= 0
o E (4)
(2) Bending-aileron flutter:
A C
= 0
¢ I (5)
(3) Torsion-aileron flutter:
E F
I
H I (6)

| It is significant that the bending-torsion sub-case can be

solved explicity for the dimensionless speed and frequency of
flutter:

b M xZ =@V L -1][2-1]m |
b L et e g ) (RS A-1TH0] + (M= S A

= ..’1‘" Qg/’-di - N‘)#[jl‘f(/'?t.)’—z(,_;xZ!En“'] _ e 2
X ’i'*(&)’ 4 (/-21.)’—2(1-2Q/Mf7 /w )

These expressions display explicity the influence of the various
system parameters and combinations thereof on the eigenvalues.

It is unfortunate that aimilar closed-form solutions cannot be
written down for the other two binary flutter cases. From the
computational standpoint, however, the implicit equations yielded
by the bending-aileron and torsion-aileron determinants can be
solved for speed and frequency with nearly equal ease.

3. Description of Results

| The combinations of paramters used for each binary
Elutter solution are listed in Tables 1-3.

Tables 4 through 62 contain all the calculated resuits.

Blank spacz3 indicate that nc calculations were made. Asterisks
indicate that careful examination of the equations shows that no

WADC TN 57-310 6




solutions exist. Dashes in the boxes mean that calculations were
made and no real solutions were found.

The numbers contained in the tables, as mentioned in the
Introduction, are values of wbw,4 8t flutter for the particular
combination of parameters involved. The tables are setup with
the purpose of making curves of uby 2 versus uM for a series of
values of thickness ratio with cother ‘parameters fixed. wéaj fa was
chosen because, for a given configuration (values of 4, w«x and m
fixed) and altitude, «4éuk/a is represented by a straight hori-
zontal line in a graph of wé«y/a versus M. Also, a flight
diagram showing the design’capabilities of “a particular aircraft
may be superiiiposed on a plot of wéa,/a versus M. The Mach
number, M, always appears in linedr combination with .. , thus uM
was considered to be the most convenient and economical scale for
the abscissa (ef. Eq. 7). Note that « also appears with the
thickness parameter in the single compination . An example of
drawing a flutter boundary on a flight diagram 'ls given in the
Appendix. Although the tables are set up to pe used to show
trends due toc thickness, the reader should have no trouble in
combining any set of numbers to illustrate desired trends.

All the results were obtained for a typical section of a
symmetrical double wedge airfoil section of chord 2b and thickness
2°8b. For the modes used in this report (first power in x only),
as shown in ref. 5, the actual profile of the wing enters the
piston theory aerodynamic derivatives only in the form of the area
of the airfoil section, the area of the flap, the first area mo-
ments of the wing and flap about their leading edges, and the
thickness of the profile at the hinge line, all non-dimensionalized
with respect to the semichord. If these parameters can be made
numerically equal for two different profiles (say by adjusting the
thickness parameter), then the two profiles would have the same
aerodynamic derivatives. This may be done only for special systems
for the binary cases including the aileron mode and for the ternary
system where three or more of the above conditions must be satisfied.
However, for the bending-torsion system, where only the area and
first area-moment conditions must be satisfied, similarity rules may
be found between all profiles having the same non-dimensional cen-
troid of area location. For example, a dcubly symmetric biconvex
airfoil section with parabolic thickness distribution of maximum
thickness 2b6,. will have the same bend.ing-torsion flutter bound-
ary as the double-wedge section of this report of maximum thickness
2b (#&./3). This of course assumes that all other system para-

meters -re identical. These various aspects will be further discuss-

ed in the final report.
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BENDING-TORSION FLUTTER
X X ¢ 8 S/, w /w
a o a_ M h “a Table No. Page No|
0 0.35 0.09 0 0- 1.5 M 15
0.000,5 0- 1.5
0.001 0- 1.5
0.16 0 0- 1.5 5 16
0,000,5 0- 1.5
0.001 0- 1.5
0.25 0 0- 1.5 6 17
0.000,S O' 105
0.001 0- 1,5
0.)-'! ” 0.09 O 0‘ 1.5 7 18
" 0.000,5 0- 1.5
0.001’ 0- 1.5
0.16 0 o- 1.5 8 19
0.000,5 0- 1.5
00001 0" 105
0,000,5 0- 1.5
00001 O- 105
0.45 0.09 0 0- 1.5 10 21 |
0.000,5 0- 1.5
00001 0- 1-5
0.16 o | o-1.5 11 22
0.000,5 0- 1.5
0.001 0- 1.5
0.25 0 0- 1.5 12 23
0.000,5 0- 1.5
0.001 0- 1.5
TABLE 1
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BENDING-TORSION FLUTTER (Continued)
X X ¢ 2 S/ w /w
a o o K a Table No. Page No.
o | 0.5 | ©0.09 0 0- 1.5 13 o
0.000,5 | 0- 1.5
0.001 0- 1.5
0.16 o 0- 1.5 14 25
0.000,5 | 0- 1.5
0.001 0- 1.5
0.25 0 0- 1.5 15 o6
0.000,5 | 0- 1.5
0.001 0- 1.5
0.1 | 0.35 | 0.09 0 0- 1.5 16 o7
0.000,5 | o- 1.5
0.001 o- 1.5
0.16 0 o- 1.5 17 28
0.000,5 | 0- 1.5
O » 001 O- 1 . 5
0.25 o o- 1.5 18 29
00000’5 O9 1.5
O . 001 O- 1 . 5
0.4 0.09 0 0- 1.5 19 30
0.000,5 | 0- 1.5
0.001 0- 1.5
0.16 0 0- 1.5 20 31
0.000,5 | 0- 1.5
0.001 0- 1.5
0.25 0 0- 1.5 o1 32
0.000,5 | 0- 1.5 :
0.001 0- 1.5
0.36 0 0- 0.7 22 33
TABLE 1
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Xa Xo "a -8‘//*’* “’h/ “’a Table No. | Page No.
0.1 0.45 | 0.09 0 0- 1.5 23 34
0.000,5 | 0- 1.5
0,001 | 0- L.5
0.16 0 0- 1.5 | 35
0.000,5 | 0- 1.5 '
0.001 0- 1.5
0.25 0 0- 1.5 25 36
0.000,5 | 0- 1.5
0.001 0- 1.5
0.36 0 0- 0.7 26 37
0.5 0.09 0 0- 1.% 27 38
0.000,5 | 0- 1.5
0.001 O- 105
0.16 0 0- 1.5 28 39
0.000,5 O" 105
00001 A O" 1.5
0.25 0 0- 1.5 29 40
0.000,5 | 0- 1.5
0.001 0- 1.5
0.36 0 0- 0.7 30 41
0.55 | 0.09 0 0 31 42
0.16 0 0 32 3
0.25 0 0 33 4y
0.36 0 0 34 45
TABLE 1
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BENDING-TORSION FLUTTER (Continued)
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BENDING-TORSION FLUTTER (Continued)

WADC TN 57-310

2
Xa Xo "a 8/p w, /w, Table No. | Page No.
n.2 | 0.50 | 0.09 0 0- 0.7 47 58
. 000,5 0- 0.7
.001 O- 0.7
0.16 0 0- 0.7 48 59
.000,5 0- 0.7
. 001 0- 0.7
0.25 0 0- 0.7 49 60
. 000,5 O- 0.7
.001 O0- 0.7
0.36 0 0- 0.7 50 61
TABLE 1
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BENDINGfAILEZRON

2 “B
Xy R XB S/ pM “w, (Table Ko. | Page No.
0.8 | 0.001,96 o) 0 quuoo 0- 1.0 51 67
0.001
0.01 0 4o-400 |Cc- 1.0 52 63
0.001
0.014 0 40-400 |0- 1.0 53 64
0.001
0.8 0.003,24 0 0 |u40- koo|O- 1.0 54 65
0.001 '
0.01 0 L4o- 400|0- 1.0 55 66
0.001
0.014 | o |40- koolo- 1.0 56 67
0.001
TABLE 2
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TORSION-AILERON
“B
Xi {’5.'2 XB 8/;;, MM -E-a—' ' Table No. Page No.|
6;8 ~o.001;96 0 0 4o- 4oo 0- 1.0 57 68
0.001
0.01 0 4o- 400 | 0- 1.0 58 69
0.001
X,=0e4 * ]
. 0.014 | 0 | 4o- 400 | 0- 1.0 59 70
1, =0.36 0.001
0.8 | 0.003,24 0 0 4o- 400 | 0- 1.0 &0 71
0.001
0.01 o |40- 400 |0- 1.0 61 75
0.001
103001‘ —
. 0.014 0 ho- %00 | 0- 1.0 62 73
l"=0036 0.001
TABLE 3
WADC TN 57-310 14
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* - | - |1 - ]-8.81 | 65.451
0.o0l | _ - - 55.899 | 62.534
! s NN — +—
0 - - - 73.290 | 95.421
- | - - 166.918 | 85.645
°3 o = | = |- [6t.500 | 68.582
- - - 58.792 65(677
& 1 R I | AL . |
0 - - - 76.128 | 99.217 (
o - - - 109.793 | 89.232 |
. | - - - 63.784 | 71.144
0.001 f _ - - 61.411 | 68.488
0 - 80.295 |104.831
) | 74.111 | o4.588
0.5 1 - = | - [66.991 | 75.037
0.001 | ~ - - 65.488 | 72.727 |
e + — , — , +— i
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os | - - - 180.720 102.672 F
' 0.o01 | - s B - 80.563
- - | - 79. 381
0 - 95.354 126. 136
- - 91.774 [115.505
0.7 ~
0.001 i - i : |
- 1 -+ - , ;
o - - - - %MB.%SB
0.8 39. 307
0.001 i i - N
x =08  |xg=0.0 |d = 0.00196
TABLE 51 = FOR BENDING-AILERON FLUTTZR
No real solutions for values of i above 0.8 for :
the range of uM considered. W
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B . - |31.061|38.738] 55.484 | 71.943
. 29.342 | 35.271 495222 63.254
0 [ o o1 29.287 | 35.730 | 46.716 | 51.752
’ 28.470 1 33.320 | 43.101 | 48.396
. 32.275 | 40.482 | 58.094 | 75.367
0.3 - 31.031| 37.089} 51.660 | 66.352
y ' 5.001 - 37.305 | 48.895 | 54.196
| : - | 35.070 | 45.252 | 50.784
o - h2.004 | 60.398 | 78.395
. ,, - 38.724 1 53.830 | 69.105
> 00l | 38.664 | 50.816 ] 5C€.355
0. - 36.657 47.170; 52.909
o - 4y 214 '63.80u '82.885
o - 41.203 | 57.071 | 73.205
. — 40.571 | 53.646 | 59.5u7
0.001 39.125 | 50.043 | 56.081
R ] | 47.339] 68.862 | 89.581
06 0 - k5,098 61.969 | T79.375
). — - 57.822 | 64.287 |
0.001 - 54.409 | 60.875
+ - —t . —t-
o 76.701 | 100.060
69.816 | 89.176
0.7 ) - 64.151 | 71.620
0.00 - 61.542 | 68.570
| [ T I i |'89.955 [118.3
- 9.955 | 118.330
0 - 84.334 | 106.827
0.8 -
- 0.001 . -
- 158.176
- 151.420
0.9 - - .
o.o01 | ° -
0 : :
1.0 ' - -
X, = 0.8 xg = 0 r§= 0.00324
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o |eu.927 [35.735 [ 43.952 | 62.415 | 80.708
o |b——|18.570 }25.860 }31.518 44.362 | 57.164 j
, l24.275 [33.840 1 40.416 | 52.022 | 57.060
0.00% 118,187 [2h.774 | 29.491 | 38.265 | u2.666]
o 25.782 |37.052 | 45.604 | 64.803 | 83.817
0.3 119.629 |27.266 } 33.209 | 46.711 ] 60.176
o | 0 001 [25-110 [35.091 | 41.943 54,030 59.286Aﬁ
"YU ]19.220 126.112 | 31.058 | 40.253 | L44.847
0 26.381 |38.030 | 46.847 | 66.620 | 86.191
ol ﬁ 120.651 |28.598 | 34.802 | 48.916 62.998i
- o.001 |25-697 [36.027 | 43.102 155.583 | 61.029
*VVE 120.217 | 27.378 | 32.531 | 42.111 | 46.877 ]
o [26.849 |39.031 [ 48.176 68.629 | 88.848
0.5 22.444 |30.820 | 37.432 | 52.520 67.596H
' o0.001 |26-161 |37.001 44,369 | 57.368 | 63.095
. 21.965<#29.485 34.955 | 45. 1301 50.150ﬁ
o - |38.013 | 47.890 | 68.938| 89.528
| - 36.116 | 42.974 | 59.671] 76.560
06 oot | - [36.057[uu.233]57.962] 6u.157
e - '34.548 | uo.043 | 51.042 | 56.389
-+ =1
o | I | I | |° : |
0.7 I— —1 - —
oooLf T O X :
, - —— e 4 4
0 - - -
0.8 o S 1 - !
0.001 - - 1
X, = 0.8 Xg= 0.01 “fﬁf = 0.00324
TABLE 55 FP“h  POR BENDING-AILERON FLUTTER
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No real solutions for values of ] above 0.8 for
the range of um considered W,
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4o 80 120 240 4oo
o |23.049133.366| 41.137 | 56.539] 75.755
o | 19.606 | 27.035 | 32.871 | 46.169| 59.447
0.001 | 22.465 | 31.652 | 37.926 | 49.043 | 54,606
' ‘¥#19.185 25.856 | 30.682 | 36.035] 44.047
0 - 32.806 | 40.758 | 58.3101 75.589
0.3 - 29.751 | 25.896 { 50.150| 64,461
h 0. 001 - 31.159| 37.654 | 49.049] 54,232
e - 28.430 | 33.457 | 42.929| 47.549
o | : : X :
0.4 ‘ - - ~ ~
0.001] _ ) i i
{x, = 0.8 Xg= 0.014 B = 0.00324
TABLE 56 F°“"  FOR BENDING-AILERON FLUTTER
S |
No real solutions for values of -%?— above 0.4
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T T Wy

40 LSO T 120 | 240 400
, — — — f 4
0 28.392 40.919 | 50.402 | 71.671 | 92.725
o | 22.360 130.999 | 37.736 | 53.057 | 68.341
127.730 138.988 | 46.788 | 60.953 | 68.050 |
0.0011 557036 120,213 436.257 48.451 | s6.781
o | 30.218|43.567 | 53.673 | 76.334 | 98.76M
| 23.266 | 32.242 ] 39.243 55.167 | T71.054
0.3 a1 29.519 | 41.521 | 49.838 | 64.9u6 | 72.538
0-00L| 22368 | 31:398 | 37.659 | 50.256 | 58.774 |
o | 31.854 45.94:8 | 56.616 | 80.533 | 104.204 |
0.4 — 24,076‘ 33.348 #*uo.583 57.041 73.&63
: 0.001 | 31-121 | 43.793 | 52.571 68.511 | 76.507 |
VYR 23.759 | 32.455 | 38.910 51.872 60.581
0 3&.313*@9.5&0 - 61.060 | 86.880 | 112.429 |
0.5 25.292 35.000#42.581 59.833 | 77.049
' 0.001 | 33-525 | 47.211 | 56.683 | 73.855 | 82.409 |
U 2&.9M7AF3M.037 40.781 | 54.293 | 63.308
o | 38.043 ]s5.019 67ﬂ8u9 96.589 | 125.018
0.6 27.143 | 37.498 | 45.596 64.035 | 82.445
. 0.001 37.166 | 52.409 | 62.934 | 81.942 | 91.256
. 26.756 | 36.430 | 43.608 57.957 | 67.457
1 | B | 4 1
r 0 43.934 | 63.760 | 78.709 |112.162 | 145.231
0.7 30.156 | 41.516 | 50.429 70.753 | 91.059
) 0.001 | 42-903 | 60.664 | 72.866 | 94.722 | 105.077
y 29.703 | 40.283 | 48.146 | 63.829 | 7h.123
o | 53.483]78.366 | 97.000 138.573 179.600
0.8 36.007 | 49.098 | 59.479 3.241 107.029
' S oo1| 52-185 | 74.38% 82 448 |115.989 | 127.788
. 35.420 | 47.547 636 | 74.736 | 86.47k
T =T T ' T~
o | 58.717 108.905
0.8 nge 325#ﬁ | 68.437
- 95 0.001| 57-349 081 100.237 |130.108 | 142.93;
1 s ul 580 8&1 65.016 5.328 | 98.37
| - 202.980
0.0 0 - 162.901 |
) - 142,141
0.001 - 131.861
” J[x, ~08  |%g=0 _|%' = 0.001,96
X, = O.b | L r¢¢0.36

rnu 57 phug J0R TORZION-AILERON PLUTTER
| ] ::il;ooluttauo-nc {EE,- 1.0
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No real solutions

%= 0.8]% = 0.01] 1z = 0.001,56 |
x,= Ok Te =0.36 i
h

TABLE 58 HP“a FOR TORSION-AILERON PLUTTER
[+ ]
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Pc real solut.ions

X, = 0.8 | xg = 0.014 r§ = 0.001,96
xO = ooa | | | Tg = 0936

TABLE 59 “°“a  FOR TORSION-AILERON FLUTTER
q
[
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8/, “Tor ”# Lo 80 120 | 2k | 4oo
o 22.809] 32.612 | 40.081 | 56.875 78.319
o 17.117] 23.917 | 21.180 | 41.113 | 52.948
0. 0ol 22-2%| 31.110 | 37.276 | 48.587 | 54.503
| 71 16.926 | 23.367 [ 28.141 | 37.851 | 44.754
o | 24.283]34.731 [42.689 | 60.582 | 78.319 -
0.3 17.772| 24.825 | 30.285 | L42.664 | 54.996 | |
11 23.735] 33.139 | 39.715 | 51.789 [* 58.139 ’
0.0011 377585 | 2L.233 20.169 | 39.175 | 16.621| !
o | 25.603|36.631|45.029 | 63.911 | 82.262 !
ol | 18.354] 25.630 | 31.264 | 44,039 | 56.765
T o ooL] 25-027 | 34.955 | 41.895 | 54.637 | 61.339 ;
07| 18.134 | 25.003 | 30.083 | Lo.359 | 47.530 |
o | 27.584]39.488 [ u8.551 | 68.922 | 89.110 [
0.5 19.222 | 26.827 | 32.717 | 46.078 | 59.389 -
- 0.001 26.964 | 37.677 | 45.162 | 58.887 | 66.069 L l
. 18.984 | 26.150 | 31.446 | 42.130 | 49.528
o | 30.580 ~u%.821 53.895 | 76.534 | 98.965 *
0.6 ' 20.529 | 28.621 | 34.895 | 49.128 | 63.312
N 29.887| 41.792 | 50.095 | 65.268 | 73.097
0.0011 55.264 | 27.873 | 33.492 | 44.798 52.561] : !
o |35.279 50.657 | 62.342 | 88.582 114,573 ii
0.7 - 22.615)] 31.469 | 38.342 | 53.948.| 69.507 |
’ o.001| 34.462| 48.252 | 57.832 | 75.206 | 83.895
071 22,309 3¢.610 | 36.738 | 49.033 | 57.402
o | h2.853 61.838 | 76.219 | 108. u58 140.360
8 1 26.490] 36.675 | 44.618 | 62.688 | 80.721
0. 0.001 41.813| 58.748 | 70.409 | 91.232 | 100.999
). 26.105| 35.617 | 42.654 | 56.731 | 66.220
- -+ —+— , + —
o | 47-407
8 30.278 _ b
O I oo1| 46-227] 65.357 | 78.414 | 101.466 | 111.796 i
: #29.815 40.369 | 48.222 | 63.929 7&.463#
o - | 69.280] 86.653 | 124,814 | 162.229
0.9 ﬁ - | 53.496|64.132 | 89.017 | 114.129
' o.ooll - 65.689 | 79.805 | 104.156 | 114.337
%] - | 51.866|61.160 | 80.270 | 3.590
Xy = 0.8 “1¥g -0 N Ib’- 0. 003 2y |
X, = 0.4 -
“XABLE ‘60 _ff.‘.:.l.‘.".?_ FOR TORS Ion:?\mfon FLUTTER

No real solutions at e?thm 1.0
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4o 80 120 | 240 koo
o 25.095 | 37.022 | 45.446 | 64,417 83.238
0 ~ | 15.373]21.561]26.335| 37.144] 47.901
o001l 25-339| 35.124 | 41.909| 54.037| 59.704
' 15.146 | 20.917 | 25.132 33.491| 39.088
o 26.587 | 37.912 | 46.557| 66.017| 85.318
0.3 ° f 16.226 22.728#27.750 39.124| 50.447
- ant | 25.919] 35.974 | 42.942| 55.398] 61.229
0.0011 15 580 | 22.036 | 26.457 | 35.210| 41.03%
o 1| 26.789] 38.259 1 47.0061 66.683| 86.194
o4 17.069] 23.873 | 29.134 ! 41.056| 59.929
‘ 0. 001l 26-123] 26.318| 43.382 56.024| 61.977
' 16.805~ 23.132 | 27.754 | 36.889| u42.936
o 1 26.397| 37.851| 46.561| 66.128| 85.514
0.5 ] 18.592 25.900| 31.569| 44.437| 57.262
’ 0.00o1| 25-756| 35.972| 43.041| 55.731| 61.784
' 18.297| 25.077 | 30.Ck0| 39.842| 46.303
: N R R
06 |f—ud o4.126] 63. 413
0.001| _ I ] I
o8 ool |7 1
X, = 0.8 Xg = 0.01 B = 0.003,24
X, = 0.4 b, | | T =036
TABLE 61 K FOR TORSION-AILERON FLUTTER

No real oolutionu for values of -EE- above 0.6

WADC TN 57-310
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80 120 240 koo

33.051 | 40.617] 57.633 | 74.502
22.543 | 27.503 | 36.748 | 49.948 |

22.576 31.452 37.627 48,814 | 54.403

| ©-901 |15.869 | 21.804 | 26.130| 3u.624 | Lo.127

o |21.763|3L.421138.717| 55.071| 71.256 |

. 17.992 | 24.890 | 30.286 | 42.565 | 54.819 1
-3 5.001 21.6261 29.957 | 35.966| 46.901 ] 52.509 | i
| ©-%01 [17.689 | 2k.052 | 28.734| 37.533 | 18.852 {

x, = 0.8 xg = 0.014 gt = 0.003,2k | |
Xp = O,Q r:_ = 0.36 1.

TABLE 62 H°“a FOR TORSION-AILERON FLUTTER 1

e w

No real solutions for —u-,i above 0.3 ! P

W, ‘ |
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APPENDIX '

|
The use of the parameters /""“‘% and _«M to plot a flutter ”
boundary enable one to plot the requirements of the aircraft and i
the flutter boundary on the same graph. For example, Fig. 2 i
shows the region ' J
|

M |
Fig. 2 | l

Graph of Flight Capability of Typical Aircraft
in Terms of Altitude and Mach Number

of expected flight capability for a typical aircraft on an

altitude versus Mach number plot. After setting the wing config- ‘
uration (which includes 4 wi and m,) of the aircraft involved, | ;
Fig. 2 may be redrawn on a «buy/, versus uM plot and should |
look something like the sketch in Fig. 3.

3 :
bw
F>% 4
o {
l 5 f
- > {
,u,’M
Fig. 5 )
Flight Capability of Typical Aircraft i
in Terms of wM and /alq,/a_ |

il
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Finally, if we superimpose the flutter boundary on the graph of
§%§. 3, we will have a sketch similar to the one shown in Fig. 4.
18 '

diagrar immediately

STABLE
[ 2 3 UNSTABLE
STABLE
REG |ON

AREA OF FLIGHT REGION
THAT IS UNSTABLE

UNSTABLE
S REGION

’LM

Fig. 4

Flutter Boundary Superinposed on Flight Boundary
for Typical Aircraft in Terms of /uM and ubil/a.

showg what part of the required flight region of the specific
airplane configuration is unstable.
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